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DEVELOPMENT OF THE METHODS FOR CALCULATING
THE MAIN INDICATORS OF HEAT ISLANDS IN URBAN AREAS

Abstract. The article is dedicated to the methods developed to calculate the main parameters of “heat islands” that appear in
densely built-up urban area. Although remote sensing imaging is ideally used to track and detect frequent land cover changes in
urban and surrounding areas as a result of sustainable urbanization and to calculate key parameters of "heat islands" seen in
densely populated urban areas, satellite imagery is digitally manually The transformation of a parametric image into a land cover
map using existing methods of classification is a long process, and therefore methods are proposed to determine the main
indicators of the impact of "heat islands" in urban areas. A modified building density index has been formulated, which is highly
informative, involving: (a) the proposed index reaches an extremum when the known building density index BDI and NDV1 are
equalized, (b) when the specified maximum is reached, it is easy to calculate the LST indicator using the known regression
dependences of BDI and NDVI from LST. The method has been developed to calculate the area of “heat islands” on the base of
the equivalent radius calculation using the known dependence function of the building density on the distance to the center of
the urban area. Our study shows that the distribution of buildings and the slope of the relief affect the surface temperature (LST),
in addition, the ratios of different LSTs vary in cities of different sizes, and each city has a temperature difference in LSTs, so
the urban heating island To reduce the impact, it is important to identify the characteristics of the thermal environment in cities
of different sizes. Urban greening is increasingly valued by cities around the world as an effective measure to reduce the negative
effects of the urban heating islands, with different numbers and types of landscape dimensions, different statistical methods used
in different surveys, as well as metric scale dependence and contextual differences between cities and we can overcome these

challenges by conducting comparative research on time and space using a consistent methodology.
Keywords: heat islands; urban area; surface temperature; informativeness; method.

Introduction

As the results of numerous studies show, “heat
islands”, i.e., areas with higher temperatures appear not
only in the cities of developed countries but also in
developing countries. The main reasons for the change in
the temperature of the earth's surface in urban areas are
the lack of vegetation, thermal and physical properties of
construction materials, the presence of buildings, uneven
surfaces, and the presence of anthropogenic heat sources.
All these factors lead to a change in local energy and an
increase in atmospheric temperature in densely built-up
areas of cities [1-5].

Over the years, land use and land cover changes
have different environmental impacts, and urbanization,
i.e., the conversion of natural surfaces into the population
and economic growth uses, has a major impact on the
urban climate, and area measurements and numerical
simulations show that changes in surface features and
vegetation occur in urban areas has a significant impact
on local climate change near the surface [10].

Land cover in urban areas tends to change more
rapidly in a short period of time than elsewhere due to
sustainable urbanization, and urbanization, especially in
urban and suburban areas, causes frequent changes in
land cover as a result of rapid economic development.
are found because they are relatively modern and give a
panoramic view [8].

Dry surface temperature (LST) measured from
satellite imagery has been used to study local and global
climate models, urban islands, and the use of remote
sensing in groundwater or surface temperature studies

has increased because it provides a synoptic and wide
view of an area. Numerous studies have been conducted
using LST and NDVI to determine the relationship
between urban surfaces and heating temperature from
images [9].

Analysis of publications. According to the work
[1-6], a fairly strong correlation between surface
temperature (LST) was revealed and building density in
urban areas, where the correlation coefficient reached
0,61. As mentioned in [7], such thermal anomalies in
urban areas, together with the general trend of climate
change towards warming, lead to the effect of global
warming in cities, which negatively affects the health and
working capacity of the urban population, increases
mortality, and shortens life expectancy. According to the
estimates presented in [7], during 1983-2016s, globally,
the thermal impact on the urban population increased by
almost 200%, at the same time, the growth rate of such
impacts outpaced the increase in the urban population by
52%. The above-mentioned issue emphasizes the
importance and relevance of the development of new
methods and techniques to assess the physical and spatial
indicators of the “heat islands” effect. Furthermore, the
article illustrates the proposed methods for determining
the main physical and geometric indicators of urban areas
with higher temperatures.

Research results

In order to assess the rate of “heat islands” effect,
there are various spectral indices, the main of which are
the following building density indices: the normalized
building density index of NDBI, defined as:
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NDBI = MIR-NIR (1)
MIR+NIR
As it is seen from (1), the normalized building
density index is defined as the difference between surface
reflectance in the mid-infrared (MIR) and near-infrared
(NIR) areas. NDBI was first proposed in [8] and is a
dimensionless estimate of building density in the area
where high values of this index indicate a high degree of
building.

Building density index BDI is defined as [9]:

BDI = NDBI — NDVI, (2)

where NDV - the normalized difference vegetation index
is defined as
NDVI = YERED 3)
NIR+RED
As it is seen from expressions (1), (3), near infrared
reflection (NIR) not only increases the value of NDVI, but
also reduces the value of NDBI. As a result, the BDI index
is significantly reduced due to the presence of vegetation
fields in the study area. In order to correct this situation,
it is reasonable to introduce a new, modified building
density index (MBDI) defined as:

MBDI = (BDI)*1 - (NDVI)1 %, 4)
where a; is weighting factor.

Consider a special case, when a; = 0,5. In this
case, from (4) we obtain

MBDI? = BDI - NDVI . (5)
Taking into account (2) and (5), we obtain
MBDI? = NDBI - NDVI — NDVI?. (6)
Investigating MBDI? on an extremum, we obtain
dMEDI) _ NpBI — 2NDVI . )
d(NDVI)

From expression (7) we find the maximum
condition of MBDI:

NDVI =22 ®)
From expression (2) we find
NDBI = BDI + NDVI. (9)
From expressions (8) and (9) we find
NDVI = BDI. (10)

Thus, the newly introduced MBDI index under
condition (10) reaches a maximum, which prevents the
effect of excessive reduction due to an increase in NIR,
as observed in the BDI index. In addition, the presence of
such a maximum, with the presence of regression
dependences NDVI = f(LST) u BDI = @(LST), where
LS is the temperature on the earth surface, allows us to
determine the value of LST (Fig. 1). Let us show this by
the example of the results of experimental studies
provided in [9]. The corresponding regression equations
have the following form:

NDVI = 0,94 — 0,03LST; (11)
BDI = —1,5 + 0,06LST. (12)
Taking into account (10), (11), (12) we can write

—1,5+ 0,06LST = 0,94 — 0,03LST. (13)
From (13) we find
0,09LST = 2.444 ; LST = 27°C. (14)

[e) y=0.94-0.03*x;
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Fig. 1. Regression lines
of dependence NDVI (a) and BDI (b) from LST

Tus, the main property of the newly proposed
modified building index development is that (a) this index
reaches a maximum when condition (10) is reached; (b)
condition (10) is reached at a certain value of LST,
determined by the regression lines of NDVI = f(LST)
and BDI = @(LST). These features emphasize the high
informativeness of the newly introduced MBDI index.

Another important indicator of urban “heat islands’
is the geometric site of such areas with higher
temperature. According to [10], the spatial change in the
density of urban land use can be expressed as a function
depending on the distance to the city center as a modified
sigmoid function:

f@r) =

where fis an urban density development; r is the distance
from city center; ¢ is a constant as an asymptote; f
determines the density of buildings on the outskirts; Dis
a constant characterizing the degree of city expansion.
Note that for compiling temperature maps, such a
concept as normalized surface temperature, i.e., LST,, is
often used, defined as
LST, = LST—LSTmin
LSTmax—LSTmin
where LST is current temperature; LSTy,qxs LSTpmin 1S
respectively, the maximum and minimum temperature
values in the area. The results of the analysis of the
regression relationship between LST,, and indicators of
f(r), carried out according to the method of concentric
rings, the center of which coincides with the center of the
urban area (Fig. 2), are presented in [10]. Along the
perimeter of each of the rings, indicators of f(r) and
LST,, and regression functions were calculated.

LST,, = LST,(f;). (17)
A pair of such regression curves, calculated from

the data obtained during a day and night, is shown in
Fig. 3.

1-c
1+exp[a(%r—1)] te, (15)

, (16)
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1. Measurement of LST in each pixel of the study
area.

2. Calculating LST,, on all pixels.

3. Determining f(r) on all pixels using the
regression curves shown in Fig. 3.

4. Averaging values f () on all pixels.

f@aw =ZE f(i (18)
where N is the number of pixels;
5. Using the inverse transformation of the formula
(15) in the form

r=¢(f(),D,c) (19)
substituting f(r) = f(r) 4, With known D, ¢ the value
Teq- €quivalent radius is calculated.

6. The average area of “heat islands” is calculated
according to the formula Sy, ; .

Spi =T . (20)

Fig. 2. Figure explaining the method )
for calculating the regression curve of LST,, = LST,(f;.) Thus, formulas (15)-(20) form the basis of the

proposed method for calculating the area of “heat
islands” in urban areas.

0O
- Qﬁ”v@

y=0.2441*x.2+0.4881*x+0.949

Conclusions

NIGHT

Thus, the article proposes methods for determining
the key indicators of the effect of “heat islands” arising
in urban areas.

y=-0.5203*x.2+1.0288*x+0.2478

DAY "

g A modified building density index is proposed,

> ‘ ‘ ‘ R which is highly informative, including the followings:
SRS T a) the proposed index reaches an extremum when
a b the known building density index of BDI u NDVI are

Fig. 3. Regression lines of dependence of LST, from f(r), equalized;

determined by the method of concentrated rings: b) when the specified maximum is reached, it is
(a) according to the data obtained during a day; easy to calculate the indicator of LST using known

and (b) night regression dependencies of BDI and NDVI from LST.

The method for calculating the area of ‘“heat
Based on the above-mentioned, the proposed islands” is also proposed, based on the calculation of the

method for determining the average area of the “heat  equivalent radius using the known dependence function
island” can be presented in the form of the following  of the building density on the distance to the center of the

points: urban area.
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Po3po0ka MeTOAMKH PO3PAXyHKY OCHOBHUX MOKA3HUKIB OCTPOBIB Temia B Micui
Bexkiposa Jlaixa, Mamenosa Ecmipa, Bynsrosa EnbBipa

AnoTtania. CrarTd npucBsiueHa PO3POOJICHUM METOTUKAM PO3pPaxyHKY OCHOBHHX MapaMeTpiB «OCTPIBLIB TeIlIay, sKi
BHHHKAIOTh y TYCTOHACEJIEHUX MICHKUX TEPUTOPIAX. X0ua 300paKeHHS TUCTAHLIHHOTO 30HAyBaHHS i/1calbHO BUKOPHCTOBYETHCS
JUISL BIZICTE)KCHHS Ta BHSBIICHHS YacTHX 3MIiH IPYHTOBOTO HOKPHMBY B MICTaxX Ta NPWIETIHMX PaioHax, y pe3yibTaTi CTalol
ypOaHizamii Ta UId po3paxyHKy KIIOYOBHX HapaMeTpPiB «OCTPOBIB TEIUIA», SIKI CIOCTEPIraloThCs B TYCTOHACEICHUX MiCHKUX
palioHax, CyIyTHHKOBI 300pakK€HHSI BPyYHY BHKOHYIOTHCS B IH(POBOMY BUIIIAI. BHECCHHS IapaMETPHUYHOTO 300pakeHHS B
KapTy 3eMHOT'O TOKPUBY 3 BUKOPHCTAHHSAM ICHYIOUHX METOJIIB KiacHu(ikamii € TPHBAIUM ITPOLIECOM, TOMY 3aIIPOIIOHOBAHO METOIN
BU3HAYCHHSI OCHOBHHX ITOKAa3HHKIB BIUIMBY «OCTpIBLIB TeIula» B Micbkux paioHax. ChopMyiaboBaHO Moau(ikoBaHUil iHIEKC
IITBHOCTI 3a0YI0BH, KUl € BUCOKOIH(GOPMATHBHUM, 1[0 BKIIIOYAE Take: (@) 3alpONOHOBAHHN 1HAEKC JOCITae EKCTPEMyMY, KOJIH
BifoMi iHAekcu minpHOCTI 3a0ynoBu BDI ta NDVI BupiBHIOIOTECS, (b) KOMM AOCATaeThbCcA 3alaHUN MaKCUMyM, IIe Halae
MOXJIUBICTD JIETKO po3paxyBaTd HokazHHK LST, BHKOpHCTOBYrouHM Bimomi perpeciiini 3anexxHocti BDI ta NDVI Bix LST.
Po3po6iieHO MeToJ pO3paxyHKy IUIOII «OCTpIBILIB TEIUIa» Ha OCHOBI PO3PAaXyHKY €KBIBaJECHTHOTO pajiycy 3 BUKOPHCTAHHIM
BiJoMOi (yHKII{ 3aJI€)KHOCTI MIUTHHOCTI 3a0yJOBH BiJl BiJICTaHi 10 IEHTPY MickKoi Tepuropii. Hamie mociimkeHHs OKa3ye, mo
posnoxin OyxiBens i HaxXui penbedy BIUIMBAaIOTh Ha Temnepatypy moBepxHi (LST), kpim toro, cmiBBimHOmeHHs pizHux LST
PI3HATBCS B MicTax pi3HOro po3Mipy, i KOJKHE MicTo Mae pi3HuIto Temneparyp B LST, Tomy € mickki octpoBa omaneHHs. [yt
3MEHIIICHHS BIUTUBY B)XIMBO BH3HAYMTH XapaKTEPUCTUKH TEILIOBOTO CEPEOBHINA B MIiCTaX pi3HOTO po3Mipy. Micta B ychoMy
CBITi Bce Oijblie I[iHYIOTh O3€NEHEHHs MicTa SK e(pEeKTHBHHUH 3aXiJ A8 3MEHIICHHsS HEraTHBHOTO BIUIMBY MICBKHX OCTPOBIB
OTIaJIEHHS 3 Pi3HOIO KUIBKICTIO Ta TUIIaMH JIAHIIA(THUX PO3MIpiB, PI3HUMHU CTATUCTUYHUMH METOAAMH, [0 BUKOPHCTOBYIOTHCS
B PI3HUX JOCIiKEHHSX, 8 TAKOX 3aJISKHICTIO Bl METPHYHOTO MacITady Ta KOHTEKCTY. PO301KHOCTI MiXK MiCTaMH Ta HAMH, MOXKE
HOJI0NATH Li IPOOIIEeMH, TPOBO/ISYHU MOPIBHSUIBHI JOCIIPKEHHS Yacy Ta IPOCTOPY 3 BUKOPUCTAHHSM MOCIiJOBHOI METOIOJIOTII.

Kao4oBi cmoBa: ocTpiBLi Tema; Michbka TEPUTOPIs; TEMIEpaTypa MOBEPXHi; iHPOPMATHBHICTh; METO.

Pa3padoTka MeTOIUK pacuyeTa OCHOBHBIX NOKa3aTe/Ieii TeNI0BbIX OCTPOBOB B FOPOJICKOIl TEPPUTOPHHU
Bexuposa Jlaxa, MamenoBa Dcmupa, ByrsatoBa DnsBupa

AHHoTanmmusi. CraTbs MOCBAIICHA pa3pa0OTaHHBIM METOAMKAM pacyeTa OCHOBHBIX IapaMeTPOB «OCTPOBOB TEILIay,
BO3HMKAIOUIUX B YCIOBHUSX IUIOTHOM TOPOJICKOM 3aCTPOMKHU. XOTS H300paKeHHUS UCTAHIIMOHHOTO 30HANPOBAHS HICABHO TTOIXOAIT
JUTSL OTCIISKMBAHKS M OOHAPY>KEHHS YaCThIX W3MEHEHHI! pPaCTUTENBHOTO NMOKPOBA B TOPOJAX M MPHIIETAIOMNX paiOHAX B pe3yibTaTe
YCTOWUMBOM ypOaHW3aIy, a TakkKe JUII pacueTa KIFOYEBBIX IapaMeTpoB «OCTPOBOB TEIUIa», HAONIONAEMBIX B T'yCTOHACETEHHBIX
TOPOJICKHUX paifoHaX, CITyTHHUKOBBIE CHIMKH BBOJATCS B IIM(POBOM BHJIE BPYIHYIO. PEBPAILECHHS TapaMETPHIECKOr0 H300pKEHHS B
KapTy 3eMHOTO TMOKPOBAa C HCIOJIB30BAaHUEM CYIIECTBYIOIINX METOJOB KIACCH(MKAIMH — JUIMTENBHBINA IIPOIECC, B CBS3H C 4YeM
MpeIaraloTCcss METOIbI ONPE/IEeNICHHs] OCHOBHBIX TTOKa3aTeNeil BINSHHS «OCTPOBOB TeIlIa» Ha ropojckue Teppuropur. ChopMympoBaH
MOM(UIMPOBAHHBINA HH/IEKC TUIOTHOCTH 3aCTPOIKH, 00J1aaloNHil BEICOKOH HH(OPMATHBHOCTHIO, BKIIFOYAIOIMIA: () IpeuiaraeMblid
MHJIEKC JOCTUraeT KCTpeMyMa MPH YPaBHHUBAHHU M3BECTHBIX MHCKCOB ILIOTHOCTH 3acTpoiiku BDI u NDVI, (0) npu moctrkennn
3aJaHHOTO MaKCHMyMa JIETKO paccuuTaTh mokaszatenb LST, ncmons3ys u3BecTHble perpeccronHble 3aBucuMocta BDI u NDVI or
LST. Pa3zpaboran MeToj pacuera IUIOMIAIN «OCTPOBOB TEIIA» HAa OCHOBE pacueTa SKBHBAJIEHTHOIO PaJiyca C HCHOIb30BaHUEM
M3BECTHOH (DYHKIMH 3aBHCHMOCTH IUIOTHOCTH 3aCTPOHKH OT PACCTOSHHMS IO LIEHTPa Topojickoi Teppuropuu. Hame nccienoBanue
MOKa3bIBaeT, 4To Ha Temmepatypy nosepxHoctr (TIIH) Biusier pasmernenue 30aHui 1 yKIOH penbeda, KpoMe TOro, COOTHOIIECHHS
pasubix TIIH pasmuuarorcss B ropojax pasHOrO pasMepa, M Kaxiblil ropoj umeer pasHocTs Temneparyp TIIH, mosrtomy ectb
rOpoJICKHE OcTpoBa oborpesa. JlJist CHIKEHHUsI BO3JEHCTBHS BXKHO OIPEACIIUTh XapaKTePUCTHKH TEIIOBON CPEBI B TOPOIaX pa3HOTo
pasmepa. ['opozckoe o3eneHeHre Bee GOMbILe LIEHUTCS FOPOJaMU 110 BCeMy MUPY Kak 3()(eKTHBHAs Mepa CHIDKCHHS HETaTUBHOTO
BO3/ICHCTBUS TOPOJCKUX OCTPOBOB O00OrpeBa, C pPa3HbIM KOJIMYECTBOM M THUIAMH JIAHMAQTHBIX HM3MEPEHHMil, Pa3HBIMU
CTATUCTHYECKUMU METOJAMHM, HCTIONB3YEMBIMU B Pa3HBIX OOCIEIOBAaHMSX, a TAKXKE 3aBUCUMOCTBIO OT METPHUYECKON IIKaibl U
KOHTEKCTYaJIbHBIMH (paKTOpaMu. paznudmsi ME&XITy TOPOAaMHU M HaAMH, MOTYT IIPEOAOIETh 3TH MPOOIEMBI, TPOBOIS CPaBHUTEIHHEIE
HCCIIEC0BAaHKA BpEMEHU U IPOCTPAHCTBA C UCIONB30BaHUEM IIOCIIEIOBATEIIbHOM METONOIOTUH.

KarodeBble c1oBa: 0CTPOBA TEILIA; TOPOJICKAS TEPPUTOPHUS; TEMIIEPATYpa HOBEPXHOCTH; HHPOPMATHBHOCTh; METOL.
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